This study reports the influence of season on foraging activities and internal colonial parameters of Melipona asilvai in an Atlantic forest area of northeast Brazil. We used video cameras connected to a PC to monitor all departures and returns of foragers and the types of materials they carried. Foraging activities decreased almost 90% from dry to rainy seasons, but temperature and humidity were not the main factors influencing departures. Observed honey storage and an extreme cutback in activities during the rainy period suggest a seasonal diapause in this species.
Introduction
Foraging activities in social insects are influenced by unpredictable environmental variables in terms of timing and location of food [1] . According to Biesmeijer and de Vries [2] , there are two main features which govern foraging activities of bees: (1) internal factors, such as individual memory and threshold response to react to the foraging stimuli, and (2) external factors, such as environmental and colony conditions which determine the level of exposure to stimuli associated with the decision [3] [4] [5] [6] [7] [8] . Colonies of honeybees and stingless bees can allocate more foragers to collect nectar and pollen in response to the amount of food in storage and availability of resources in the field [7, [9] [10] [11] [12] .
Stingless bee colonies consist of several hundred to tens of thousands of individuals, and information exchange among the workers is a key feature to colony foraging efficiency and indirectly to colony growth and reproductive success [13] . The influence of weather on foraging activities has been studied in several eusocial bee species [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] . These studies report that weather conditions, light intensity, humidity, food availability, competition, colony state, and physiological conditions of individuals are important factors that influence the foraging activities of Melipona species.
In this study we report an extreme effect on foraging activity and colony production in response to environmental variables for colonies of Melipona asilvai. For this purpose, we used a novel observational approach in order to monitor all daily departures and entrances of foraging bees.
Material and Methods

Study Site.
The experiments were performed at the Campus of Universidade Federal de Sergipe (UFS), São Cristóvão (10
• 55 S, 37
• 03 W, altitude 2 m). The study area is characterized as a subhumid area of Atlantic Rain Forest or "Zona da Mata." According to Amâncio [26] , two distinct seasons are found in this region: a rainy season happening from April to August (pluviosity between 1.100 mm and 1.500 mm) and a dry season taking place from September to March. The air temperature cycle is close to uniform with no significant seasonal thermal variation.
Species. Three queenright colonies of Melipona asilvai
were collected for this study. The colonies, originally from Psyche Nossa Senhora da Glória, Sergipe state, were transferred to the UFS Entomology Laboratory. Each colony was housed in a wooden box covered with glass to facilitate observation. A plastic tube connected the colonies to the outside environment, thus permitting the bees to forage freely. The temperature in the hives was controlled at 28
• C by means of a thermostat.
Data
Collection. This study was carried out on March 10-28th 2009 (rainy season) and on June 10-28th 2009 (dry season). We used security microcameras (model CCD Sony 480L Day 0.1 Lux Color) which were placed on small glass-covered boxes (5.0 × 3.0 × 3.0 cm) connected to each entrance tube. Video recordings were programmed to start at 05:00 h, before the first foraging departure, and the recording concluded at 19:00 h, after the termination of outside activities. The cameras were linked to a computer using an AVerMedia EZmaker frame grabber (Avermedia, Milpitas, CA) and VirtualDub software, http://www.virtualdub.org/. This setup allowed the observer to identify the corbiculae load, such as mud (irregular-shaped brown material), resin (brighter rounded material), pollen (whitish to yellowish opaque load), and liquid load (water and nectar). Incoming foragers with liquid presented expanded abdomens compared to other unloaded foragers. Nectar and water loads were not individually determined.
To investigate how seasonality affects food storage and colony conditions, we daily counted honey and pollen pots, brood cells in construction, and the relative number of individuals in the colony (workers on the brood combs). All parameters were registered around 18:00 h after video recording. Data on temperature and relative humidity were measured with a digital thermohygrometer kept outside the laboratory.
Data Analyses.
The data were analysed with a general linear model (GLM) where colonies, season, and time of day were entered into the analysis as the independent variables and number of bees entering or exiting as the dependent variables [27] . The Kruskal-Wallis test and the Mann-Whitney U test were used to verify whether the type of load collected by foragers occurred at distinct periods of the day and to compare colony productivity between seasons, respectively. A Kendau Tau correlation test was also used to estimate the relationship between abiotic factors and the frequency of flights. All analyses were made with Statistica 7.0 (Statsoft inc.).
Results
Foraging Activities and Seasonality.
General linear mixed models showed that foraging activities were significantly affected by almost all parameters tested (Table 1) . Variance between colonies was not significant, meaning that the number of foraging departures and returns between the three colonies were not different. Footage analyses of 73,375 flight returns showed conspicuous differences in activities between rainy and dry seasons. Season, time, and time × season showed significant effects on the frequency of foraging activities.
There was not a strong correlation of air temperature and relative humidity with the frequency of foragers' exiting ( On the other hand, a comparison of pooled data showed a positive tendency between temperature and number of bees exiting the nest (τ = 13.94, P < 0.001).
Foraging for Resources, Time of Day, and Season.
The onset of nest departures during the dry season occurred around 5:30 h. During the rainy season, the first exiting trips started between 6:00 and 9:00 h, with an exceptional initial foraging exit occurring at 13:00 h. In both seasons, foraging trips ended around 18:00 h. During the dry season, the activity peak of departures occurred between 7:00 and 8:00 h (mean ± S.D. = 38.46 ± 30.64 bees; Figure 1(a) , while the observations took during the rainy season did not produce a clear peak of activity due to the small number of exiting individuals (Figure 1(b) ). Liquid foraging changed in intensity throughout the time of day during the dry season but not in the rainy season where liquid foraging was significantly reduced (dry season: H 12 = 195.17, P < 0.001; rainy season: H 12 = 104.77, P < 0.001; Figures 3(a)  and 3(b) ). Foraging for liquid during the dry season began around 6:00 h, with a peak activity at 7:00 h (mean ± S.D = 97.5±12.4 bees) and decreased after 11:00 h. A total of 43,228 bees were observed returning with liquid loads. During the rainy season, the activity of liquid collection showed no significant peak (Figure 2(b) ). In this period of observations, 1,959 liquid foragers were recorded.
Collection of pollen, resin, and mud also differed among seasons and time of day (Figures 3(a) and 3(b) ). Pollen collection showed a significant variation with relation to the time of day in both seasons (dry season: H 12 = 225.26, P < 0.001; rainy season: H 12 = 66.65, P < 0.001; Figures 2(a) and 2(b)). 5,198 bees were observed returning with pollen during the dry season and 340 bees during the rainy season. Resin collection peaked at 7:00 h in the dry season and from 8:00 to 10:00 h during the rainy season (dry season: H 12 = 80.07, P < 0.001; rainy season: H 12 = 32.21, P < 0.001). During the dry and rainy seasons, 6,213 and 118 bees were observed returning with resin, respectively. 6:00-7:00 7:00-8:00 8:00-9:00 9:00-10:00 10:00-11:00 11:00-12:00 12:00-13:00 13:00-14:00 14:00-15:00 15:00-16:00 16:00-17:00 17:00-18:00 Mud collection was collected throughout the day and exhibited no specific peak activity (Figures 3(a) and 3(b) ). This difference was significant for both periods of study (dry season: H 12 = 86.19, P < 0.001; rainy season: H 12 = 28.68, P = 0.004). 16,106 and 213 returning bees were observed with mud in both seasons, respectively.
Colony Productivity.
The analyses of relative colony productivity showed that all parameters significantly varied between dry and rainy seasons (Figure 4 ). More nectar pots were observed during the rainy than the dry season (MannWhitney U test = 9.10, P < 0.001). On the contrary, the number of pollen pots was smaller during dry season (MannWhitney U test = 5.15, P < 0.001). Brood production nearly suspended during the rainy season, so the number of cells being provisioned was significantly smaller in this season (Mann-Whitney U test = 2.67, P < 0.05).
Discussion
Foraging Activities and Seasonality.
Our results showed that during the 19 days of study in the rainy season, foraging departures of M. asilvai foragers for food resources (liquid and pollen) decreased over 20 times. Collection of resources seems not to be independently influenced by single factors such as temperature or humidity. Another factor that can also affect the foraging activity of stingless bees is the variation in the quantity and quality of food resources between days or seasons [10, 28] . Biesmeijer et al. [9] observed higher concentrations of sugar from nectar collected by bees in dryer environments. Indeed, foraging organization is a result of individual foragers responding to environmental changes. A previous study carried out with the same species in a drier area of Northeast Brazil registered a similar relationship between abiotic factors and foraging activities [29] . Other studies made in higher latitudes verified that temperature and relative humidity are the most limiting factors affecting the peaks of flight activity of stingless bees [17, 21, 23] .
Foraging for Resources, Time of Day, and Season.
Our studies showed that pollen collection in Melipona asilvai peaked during the first hours of the morning and decreased by the afternoon. This pattern has been seen in other Melipona species as well [30, 31] . Hilário et al. [21] observed that in M. bicolor bicolor an intense incoming of pollen took place in the early morning, when relative humidity was higher and temperature and light intensity were more moderate. Roubik [10] stated that pollen harvesting in the first hours of day coincides with a higher availability of this resource in the flowers.
Collection of liquids occurred throughout all activity periods in M. asilvai colonies. Although a 90% reduction of departures flights had been observed during the rainy season, there was a regular distribution of incoming liquid during the day in both seasons. Pierrot and Schilindwein [31] recorded higher rates of nectar foraging in the afternoon periods for M. scutellaris, which could be related to the gradual increase of sugar concentration in insolated flowers [32] . A similar pattern was found in an experiment carried out with M. rufiventris in southeast Brazil [24] .
Collection of liquid was remarkable during the dry season (see Figure 3(a) ). The number of bees returning with liquid loads was around 70% higher than other loads. These results, associated with both a decrease in flight activity and the number of honey pots registered in the rainy season, suggests that M. asilvai colonies experience a kind of seasonal diapause. In southern states where seasons are more defined, flight activity of M. bicolor schencki and M. marginata obscurior was more intense during summer and spring than autumn and winter [33, 34] . Reproductive diapause has been observed in other southern species of stingless bees, such as Plebeia remota and P. droryana [28, 32] .
Colony Productivity.
Season had a significant effect on the relative parameters of colony production in M. asilvai. It is known that food resources are critical for the production of workers, queens, and males in stingless bees [35] [36] [37] . Although we did not record brood production in this study, it is reasonable to speculate that caste production and colony fission in this species occurs during the dry season when the rhythm of activities is higher. 
Conclusion
We conclude that the dry-rainy seasonal variation strongly affects external and internal biological parameters of Melipona asilvai. Foraging activities decrease by almost 90% from the dry to the rainy seasons, but temperature and humidity were not the main factors influencing departures. Honey storage and a sharp decline in activities during the rainy period suggest a seasonal diapause in this species.
